To assess the ability of the collared peccary (Pecari tajacu) to digest dietary fiber, four adult male collared peccaries were randomly assigned to a 4 × 4 Latin square design to determine the effects of feeding non-traditional feed ingredients, taken from palm trees with different levels of dietary fiber, on intake and coefficient of total tract apparent digestibility (CTTAD) and mean retention time. Four experimental diets were provided ad libitum: corn and soybean meal-based control diet; corn and palm kernel cake-based diet; corn and peach palm byproduct-based diet; and hay, palm kernel cake, and peach palm byproductbased diet. The CTTAD of neutral detergent fiber and acid detergent fiber (ADF) were 0.80±0.09 and 0.61±0.21, respectively. Increasing levels of ADF in diets also linearly decreased the CTTAD of crude protein and gross energy, while increasing non-fiber carbohydrate linearly decreased the CTTAD of ADF. These results confirm the ability of peccaries to digest fiber. However, the intake of a high-moisture and lignified ingredient, as the peach palm byproduct, decreased feed intake of peccaries due to their relatively small forestomach volume, which in turn may decrease their performance when used for prolonged periods. Despite of that, collared peccary gain a significant benefit in digestibility of dietary fiber due to its complex stomach in which fermentation occurs.
Introduction
Agroindustrial byproducts cause environmental pollution if not used as animal feeds. The industrial production of the heart of peach palm (Bactris gasipaes) provides 40 tons per day of byproduct at a single processing plant (Cabral et al., 2015) , while the palm oil industry yields 40 kg per ha of palm kernel cake (PKC) (Devendra, 2006) . Peach palm byproducts and PKC are mainly used in ruminant diets, owing to their high fiber content (Wan Zahari and Alimon, 2005; Cabral et al., 2015) . Their high availability and low prices have also stimulated their use in the farming of collared peccary (Pecari tajacu), a piglike mammal under domestication in Brazil and other Neotropical countries (Nogueira and Nogueira-Filho, 2011) . Although a non-ruminant, the collared peccary has Non-ruminants Intake and digestion of non-traditional feedstuffs by farmed collared peccary (Mammalia, Tayassuidae) a forestomach displaying active microbial fermentation (Sowls, 1997) . Schwarm et al. (2010) hypothesized that the relatively small volume of the forestomach, which leads to lower fermentative capacity than in other foregut fermenters, explains the low digestibility coefficients of dietary fiber for collared peccary determined by Shively et al. (1985) and Elston et al. (2005) . In contrast, Comizzoli et al. (1997) and Nogueira-Filho (2005) recorded relatively high digestibility coefficients of dietary fiber for collared peccary fed ground diets. Hence, the ability of collared peccary to ferment dietary fiber remains controversial. However, dietary fiber covers a wide range of plant polysaccharides and lignin that are resistant to hydrolysis by digestive secretions of the animals, such as non-starch polysaccharides, oligosaccharides, and resistant starch (Bindelle et al., 2008) . Not all fiber components are readily fermented by the microbiota of the animal, and, with their specific digestive tract, collared peccary might be able to degrade some fiber components more extensively than others. The extent of fiber fermentation will depend on the trade-offs among fermentability of the different fiber fractions, feed intake levels, and passage time in the digestive tract, and the effect might be diet-specific. Therefore, an experiment was performed to measure the coefficient of total-tract apparent digestibility (CTTAD) and to explore the links with the mean retention time and feed intake of collared peccary fed a corn-based concentrate diet. This diet was supplemented with different proportions of palm kernel cake and peach palm byproduct, two palm industry byproducts that have contrasting total fiber content and nature, mainly the high-moisture and lignin contents of the peach palm byproduct.
Material and Methods
This study was conducted in Ilhéus, Bahia, Brazil (14°47'39.8" S, 39°10'27.7" W) . Four adult male collared peccaries, aged from 24 to 36 months, with an average initial body mass of 21.8+0.5 kg, were used. They were selected according to their body mass and docile temperament. After being weighed and dewormed, the animals were housed in individual 11.3-m 2 (7.5 × 1.5 m) pens. Each pen was divided into two sections: one covered area of 3.0 m 2 -named the metabolism pen -had a wooden lattice suspended floor that allowed the feces and urine to be collected separately; and an additional area, comprised of a partially sheltered section and a "solarium" section, which allows unobstructed exposure to natural sunlight, with a cement floor (Figure 1), as previously described by Borges et al. (2017) . The protocol for this experiment followed Brazilian laws and was approved by the local Ethics Committee on Animal Use (CEUA) (case no. 33).
After 30 days of adaptation to the experimental housing conditions, peccaries were weighed once again and randomly ascribed to one of the four experimental diets in a 4 × 4 Latin square design, to determine the effects of dietary fiber provided by non-traditional feedstuffs on intake and CTTAD of nutrients and energy by the collared peccary. Peccaries were fed one of four experimental diets: controlgrain corn and soybean meal-based diet; PKC -grain corn roughly mixed with ground palm kernel cake-based diet; FPP -grain corn mixed into the peach palm byproductbased diet; and MIX -chopped hay, ground palm kernel cake mixed into the chopped peach palm byproduct-based diet ( Table 1 ). The inclusion levels of byproducts were established based on the results reported by Nogueira-Filho (2005) , which verified a decrease in the digestibility of nutrients when collared peccary received a diet with levels above 281 g NDF kg −1 dry matter (DM), 142 g acid detergent fiber (ADF) kg −1 DM, and 56 g lignin kg −1 DM.
All animals had ad libitum access to food until the next meal was offered. The daily feed intake was calculated by taking the difference between the amount of diet offered and the refused leftovers weighed on the next day. We checked for the evaporation losses during 24 h in the feeding trough by using extra dishes outside the pens. After 15 days of adaptation to the diets (Nogueira-Filho, 2005) , peccaries were maintained in the metabolism pens, and fecal and urine collections were carried out for five consecutive days. Animals were individually weighed with a minimum of disturbance before and after each experimental period.
At the end of the adaptation period, the animals underwent a fasting period of 16 h. They were subsequently fed, at 8:00 h, 50% of the daily amount reached at the end of the adaptation period of the same diets mixed with 20 g kg −1 titanium dioxide (TiO 2 ), used as a dietary marker for the determination of the mean retention time. By adopting the restriction of fasting and diet, all food was consumed. When the meal was over, the animals had ad libitum access to food until the next meal was offered at 8:00 h on all the following collection days. All voided feces were collected, and the time of individual defecations was recorded during the day. Feces voided at night were treated as one defecation unit, and an average time between the last check in the evening and the first check in the morning was calculated. Collection lasted up to 120 h after the labeled meal was provided, trying to assure a maximum excretion of the total TiO 2 that had been consumed. Individual fecal collections were weighed and thoroughly mixed, and a subsample was taken for the determination of DM and marker concentrations. The remains from each collection over the five-day period were kept in frozen storage, before they were pooled, for each animal, to be used for subsequent analysis. Diets, feces, and feed residue samples were thawed to room temperature and dried to constant mass at 65 °C. The dried samples were ground through a 1.0-mm mesh screen in a laboratory mill. Samples were analyzed for their contents in DM by drying at 105 °C for 24 h (method 967.03; AOAC, 1990) ; in ash, by burning at 550 °C for 8 h (method 923.03; AOAC, 1990); ether extract (EE), by using Soxhlet apparatus and petroleum ether (AOAC 920.39); in N, according to the Kjeldahl method and calculating the crude protein (CP) content (N × 6.25; method 981.10; AOAC, 1990) ; and in gross energy, by means of an adiabatic oxygen bomb calorimeter (1241 Adiabatic Calorimeter, PARR Instrument Co., Illinois, USA). The concentration in neutral detergent fiber (NDF) and ADF was determined as described by Van Soest et al. (1991) for NDF with the use of sodium sulfite and heat stable α-amylase. Both NDF and ADF contents were expressed exclusive of residual ash. Lignin was extracted with 720 mL L −1 sulfuric acid (Robertson and Van Soest, 1981) . Hemicellulose (HEM) was estimated as NDF minus ADF, and cellulose (CEL) as ADF minus lignin (Table 1) .
Non-fibrous carbohydrates (NFC) were calculated according to Hall (2000) , following the Equation 1: NFC = 1000 -[CP + NDF + EE + ash] (Equation 1) The titanium dioxide concentration in feces samples was determined according to the method described by Myers et al. (2004) . Briefly, the feces samples underwent mineralization in sulfuric acid at 420 °C in the presence of a Ti-free Kjeldahl catalyst, and the Ti concentration (mg g −1 DM of feces) was determined spectrophotometrically after conversion with H 2 O 2 . As the defecation rate was quite variable among animals, feces samples were pooled every 12 h for determination of the titanium dioxide concentration. The CTTAD of nutrients and energy was determined by the differences between the amount of nutrients and gross energy ingested and the amount excreted as: (g of nutrient or energy in − g of nutrient or energy out)/(g of nutrient or energy in).
Titanium dioxide excretion curves based on fecal TiO 2 concentrations measured at the different time points were modelled by fitting to a gamma function (Equation 2) using the lscurvefit function of MatLab R2013a (Mathworks, Natick, MA, USA). Mean retention time (MRT) calculated from the parameters of the fitted model (Equation 3) as described in Thielemans et al. (1978) :
)
in which C(t) is the TiO 2 marker concentration in the sample; t is the time interval after marker administration; t 0 is the minimum time required to record marker excretion; and a, b, and c are parameters allowing a fitting of the excretion curves.
Each individual animal was used as an experimental unit. Data of body mass change, CTTAD, and MRT were compared using General Linear Models (GLM), including animal and period as random effect and diet as a fixed effect, followed by Tukey post-hoc test, when appropriate, by means of Statistica 7.0 (StatSoft, Inc. 1984 -2004 . Pearson correlations between digestible nutrients and energy intake and their CTTAD were also calculated using the same software. Then, the effect of the level of dietary fiber on the CTTAD of energy of the collared peccary was analyzed and expressed by regression between individual values of CTTAD with the daily intake of NDF per kg of metabolic weight (g kg −0.75 ) or ADF (g kg −0.75 ), using the same software. The same procedure was used for the determination of the effect of the daily intake of NDF or ADF per kg of metabolic weight (g kg −0.75 ) on the CTTAD of crude protein and the effect of the daily intake of non-fibrous carbohydrates (NFC; g kg −0.75 ) on the CTTAD of ADF and NDF. Prior to all analyses, the Lilliefors test was applied to test the normal distribution of data, using Statistica 7.0 (StatSoft, Inc. 1984 -2004 . In all statistical tests, a P-value <0.05 was considered significant.
Results
In general, we did not observe any behavior indicative of stress while animals were restrained inside the metabolism pens. Even though peccaries appeared to feed selectively, the chemical composition of the leftovers did not differ from the diets offered. Moreover, we recorded lower voluntary daily dry matter intakes when peccaries were fed peach palm byproduct (FPP and MIX diets) ( Table 2 ). This resulted in lower daily intakes of digestible protein and digestible energy ( Table 2) . Despite this fact, no consistent differences were observed in daily body mass changes among diets ( Table 2) .
The CTTAD of ADF and cellulose were lower in the control diet, while CTTAD of gross energy was lower when collared peccary were fed the MIX diet (Table 3) . We verified a linear decrease in the apparent digestibility of crude protein (ADCP), along with the increase in the intake of ADF (g) per kg of metabolic weight (ADFi; g kg −0.75 ), according to the equation 4: ADCP = 0.97 -0.12ADFi (R 2 = 0.35; F = 7.58; P = 0.020) (Equation 4) There was also a linear decrease in the apparent digestibility of energy (ADE) with the increase of ADFi g kg −0.75 according to the equation 5: ADE = 1.01 -0.09ADFi (R 2 = 0.23; F = 0.23; P = 0.048) (Equation 5) We also verified a linear decrease in the digestibility of ADF (DADF), along with the increase in the intake of NFC (NFCi; g kg −0.75 ), according to the equation 6: DADF = 0.85 -0.02NFCi (R 2 = 0.47; F = 12.34; P = 0.030) (Equation 6) There was, however, no effect of the NFCi on the apparent digestibility of NDF (R 2 = 0.05; F = 0.74; P > 0.05). There were also no effects of the NDF intake on the apparent digestibility of crude protein (R 2 = 0.04; F = 0.67; P>0.05). There was a large variation between diets for average mean retention times (Figure 2) . Moreover, owing to their content in fiber with higher water holding capacity, feces from peccaries fed PKC, FPP, and MIX displayed higher moisture content diluting the marker compared with the control diet ( Figure 2 ).
The statistical model did not show differences between diets (Table 3) . Moreover, the marker was not completely excreted after 120 h; the average recovery (%) ranged from 76.8 (±7.3) % for the control diet to 86.8 (±6.7) % for the MIX diet (Table 3) .
Discussion
We performed this study to check the ability of collared peccary to digest dietary fiber and to evaluate the possibility of including fiber-rich agricultural byproducts in its diet. The digestibility values of NDF and ADF recorded in the present study are like those determined by Comizzoli et al. (1997) and Nogueira-Filho (2005) for collared peccaries fed diets with similar levels of dietary fiber. Higher values observed in the present study for the CTTAD of cell wall contents than those found by Shively et al. (1985) could be explained by a difference in the age of animals used in the experiments. In ruminants and in pigs, an increment in microbiota colonization with age has been reported in terms of diversity, as well as total population (Rey et al., 2014; Niu et al., 2015) . Adult animals, as used in the present study, show higher digestive efficiency than young ones (Barboza et al., 2009 ). The obtained results, therefore, corroborated the proposition of Comizzoli et al. (1997) , who stated that an adaptation of the digestive capacity, especially regarding fiber fermentation, occurs with age in the peccary, as it does in other species of mammals (Le Goff and Noblet, 2001) .
In turn, Elston et al. (2005) compared collared peccaries with wild pigs (Sus scrofa) and stated that the digestibility of fiber in peccaries is not higher than in monogastric suids. In this previous study, however, collared peccaries and wild pigs were fed a commercial diet with moderate concentrations of fiber (383 g NDF kg −1 DM and 265 g ADF kg −1 DM). It is possible to assume that such a diet had high levels of soluble carbohydrates. High levels of soluble carbohydrates decrease the digestibility of dietary fiber in ruminants (Van Soest, 1994) . The same effect was verified in the present study by the decrease in digestibility of ADF with the increase in the intake of non-cell-wall carbohydrates by peccaries. Therefore, the high level of soluble carbohydrates in commercial pig feed formulae probably explains the low digestibility of cell-wall contents by the collared peccary described by Elston et al. (2005) . An additional factor that explains the low digestibility of fiber in peccaries was the high degree of fiber lignification in the diet tested by Elston et al. (2005) . Collared peccaries in this study showed digestibility of dietary fiber comparatively higher than that of wild and domestic pigs. To make these comparisons, we only used data of species receiving diets with similar levels of dietary fiber. For instance, the CTTAD of 0.62-0.71 for NDF and 0.38-0.66 for ADF for collared peccaries fed control and PKC diets (fiber levels of 138-152 g NDF kg −1 DM and 63-74 g kg −1 ADF DM) were comparatively higher than the ones reported for the river hog (Potamochoerus porcus), warty pig (Sus cebifrons), and babirusa (Babyrousa babyrussa). These three species of wild pigs achieved CTTAD of 0.41-0.63 and 0.04-0.25 for NDF and ADF, respectively, when fed mixed diets with fiber levels of 173-257 g NDF kg −1 DM and of 51-76 g ADF kg −1 DM (Clauss et al., 2008) . In turn, domestic pigs showed mean CTTAD of 0.47 and 0.37 for NDF and ADF, respectively, when fed diets with 140 g NDF kg −1 DM and 62 g ADF kg −1 DM (Noblet and Perez, 1993) .
We verified a lower voluntary dry matter intake of the FPP and MIX diets, which were mainly composed of fresh peach palm byproduct. A possible explanation for the low intake of diets with fresh peach palm byproduct may be the relatively high levels of lignified fibrous material of this ingredient. Previously, Comizzoli et al. (1997) also recorded poor intake of high lignified, ground hay by peccaries. Furthermore, the low voluntary intake of these diets resulted in daily intakes of digestible energy and nitrogen below the requirements of the species, estimated at 420 kJ digestible energy per kg −0.75 (Comizzoli et al., 1997) and 0.815 g N kg −0.75 (Carl and Brown, 1985) . In addition, the fresh peach palm byproduct has a comparatively high water content that results in low energy concentration. Therefore, the relatively small volume of the forestomach of peccaries compared with that of other foregut fermenters (Langer, 1978) means that the species can hardly meet its energy requirements when consuming diets with low energy concentration, in a similar manner to the monogastric domestic pig (Leterme et al., 2010) .
The digestive capability of peccaries is heavily impacted by feed intake, as was verified by testing two diets that contain over 90% DM compared with two diets that have between 22 and 37% DM. The digestibility results obtained in the present study could be affected by these different intakes of DM alone. Therefore, the low voluntary intake of high-moisture feedstuffs, such as the peach palm byproduct, can decrease the performance of peccaries during their long-term use in farm conditions, because the intake of digestible energy and digestive protein falls below the requirements of the species.
The high variability between peccaries probably explains the lack of difference between diets for average MRT. Moreover, the MRT determined in our study (73.4±9.0) was higher than the MRT of 35 h for collared peccaries fed rabbit concentrate, green vegetables, and fruits (Schwarm et al., 2009 ). In a previous study, Schwarm et al. (2009) recorded an average voluntary intake of 53 g kg −0.75 day −1 , which was much higher than the dry matter intake recorded in this study. Therefore, the relatively high MRT determined in the present study can be explained by the relatively low voluntary intake in the present study. Despite this consideration, as digestion is a time-dependent process, the relatively high MRT determined in the present study shows the ability of the forestomach of peccaries to slow down the passage of ingesta through their gut. One must consider that the length of the sample collection period was not enough to allow total recovery of the marker. Therefore, further study must be done to properly evaluate the effect of different levels of dietary fiber on digesta passage of the collared peccary.
Conclusions
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